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Protein-nucleic acid interactions are of central importance in genome-
regulatory processes. The DNA replication system of the T4 bacteriophage is
an excellent model system to study DNA replication in higher organisms, since
the T4-coded replication machinery utilizes many of the same components.
Here we present studies of the kinetics of binding of gp32, the single-
stranded (ss) DNA binding protein of the T4 system, whose roles include the
functional integration of the other components of the T4 replication complex
as well as protecting the transiently-exposed single-stranded DNA template se-
quences from DNA nucleases and melting out unfavorable secondary structures
potentially formed by the lagging strand during DNA replication. We have per-
formed single-molecule measurements of internally-labelled Cy3/Cy5 labeled
primer-template DNA constructs in the presence of gp32 by simultaneously
monitoring single-molecule Fo¨rster resonance energy transfer (smFRET) and
single-molecule fluorescence-detected linear-dichroism (smFLD) on the micro-
second time scale. smFRET measurements probe the distance between the flu-
orophores, while smFLDmeasurements are sensitive to local orientations of the
Cy3-labeled sugar-phosphate backbones of the DNA construct. Multiple tran-
sient FRET states are observed when adding gp32 protein to tethered model
replication fork DNA constructs, permitting us to track the dynamics of milli-
second interconversions between various configurations of the gp32 / ssDNA
system. The distribution of FRET states changes as a function of gp32 concen-
tration, suggesting that we may be monitoring fluctuations that reflect changes
associated with the progression from isolated to cooperative gp32 binding. We
apply a multi-dimensional correlation function analysis to our microsecond-
resolved smFRET and smLD data to reveal statistically relevant mechanistic
information about the reaction pathways of the ssDNA-gp32 system at the
replication fork.
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Bisulfite sequencing has been employed to great effect to identify DNAmethyl-
ation changes between different tissues, through stem cell differentiation, and
even in cancer development. However, there is an ever increasing problem
of assessing the functional importance of these methylation changes- though
work has demonstrated that methylation affects protein-DNA interaction, a
clear and comprehensive delineation of the strength of these effects is lacking.
We employed a modified chromatin immunoprecipitation method combined
with bisulfite sequencing to identify the distribution of methylation patterns
present in bound DNA. We used both synthetically generated in vitro samples
for an unbiased measurement and samples derived from cell lines for physio-
logically relevant patterns. Our library preparation methodology uses magnetic
bead ChIP (Life Technologies) combined with methylated hairpin adapters
(NEB) and low-input bisulfite methods (Zymo Research) with custom modifi-
cations. We then sequenced these libraries on an Illumina MiSeq for the long-
read length offered (2x300). The results were compared to the input methylome
to determine the relative frequency of methylation patterns bound by protein. In
our initial work, we examined the methylation patterns of DNA bound by
CTCF and MeCP2. The number of methylated locations required to affect
protein-binding was measured, as well as the frequency of binding versus a
known binding sequence. We specifically examined DNA upstream and down-
stream of the known binding motifs, to determine non-local effects of methyl-
ation on protein-DNA affinity.
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3’ to 5’ degradation of a wide range of RNAmolecules is performed by the exo-
some complex, as a key part of cellular quality control. Recent structural
studies of this complex revealed that ssRNA is channeled through its multisu-
bunit ring-like core into the active site tunnel of its exonuclease subunit Rrp44.
Rrp44, both alone and in the exosome, processively cleaves RNA nucleotides
one at a time, without consuming the energy of ATP, and releases a final 3-5
nucleotide product. We use molecular dynamics simulations and free energy
calculations to identify the factors that enable processivity of RNA transloca-
tion and cleavage in the exosome complex. Our simulations reveal large and
favorable free energies of RNA transfer from solution into the active site of
Rrp44. The free energy profiles that characterize RNA translocation within
the active site of Rrp44 are found to be dependent on the length of the RNA
strand. While RNA strands formed by 5 nucleotides or more have downhill
free energy profiles along the translocation coordinate towards the cleavage
site, a 4-nucleotide RNA has a free energy barrier along the same coordinate,
potentially leading to incomplete cleavage of ssRNA and the release of short
(3-5) nucleotide products. Furthermore, dynamic insights gained from the per-
formed simulations help elucidate the concerted nature of RNA translocation
through the exosome complex.
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The yeast Nhp6A protein is a member of the eukaryotic HMGB family of
chromatin factors that enhance apparent DNA flexibility in many cellular pro-
cesses. yNhp6A exhibits no sequence-specificity but binds to DNA with
1-10 nM affinity, sharply bending the DNA by >60 at the binding site.
The kinetic mechanism by which this DNA deformation occurs remains un-
clear. It is not known whether the protein first binds weakly to unbent DNA
and then deforms the DNA or if partially bent DNA conformations are ther-
mally accessible and are ‘‘captured’’ and stabilized by the bound protein.
The limited (tens-of-milliseconds) time resolution of previous kinetics studies
was insufficient to observe the dynamics of DNA deformations in this com-
plex. Here, we report time-resolved FRET measurements on yNhp6A bound
to an 18-bp DNA oligomer labeled at each end with Cy3/Cy5, in response
to a laser temperature-jump (T-jump) perturbation. The us temporal resolution
of T-jump, together with ionic-strength and concentration dependence of equi-
librium FRET and anisotropy measurements, helps reveal some of the micro-
scopic kinetics steps. Equilibrium measurements with varied Nhp6A-DNA
concentrations indicate that, at 250mM NaCl, the decrease in FRET with
increasing temperature, in the range 15-60C, is from unimolecular unbending
of DNA. Kinetics traces measured under these salt conditions are single-
exponential with relaxation times ranging from ~400 us (at 60C) to ~1ms
(at 45C). At lower [salt] < 200mM NaCl, and at temperatures >65C, bi-
exponential kinetics are observed, likely corresponding to unimolecular
bending/unbending, followed by dissociation of the complex and concurrent
DNA melting. These results represent the first observation of DNA bending/
unbending dynamics in complex with a nonspecific DNA-binding protein,
and are an important step towards a more comprehensive understanding of
the kinetic mechanisms of DNA binding and bending interactions by this class
of proteins.
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Exposed single-stranded DNA (ssDNA) in cells is threatened by degradation
from nucleases (DNases) and prone to form secondary structures, which is
why cells use single-strand binding proteins (SSB) to protect ssDNA. The
most common example is exposure of the Okazaki fragments during replica-
tion, or double-stranded DNA melting induced by negative superhelicity, i.e.
underwinding of double-stranded DNA caused by replication or transcription.
Magnetic tweezers are the tool of choice to mimic and study the influence of
superhelicity on DNA structure at the single-molecule level owing to the direct
ability to apply torsional stress to double-stranded DNA. Here, we study the
conditions of ssDNA exposure and formation from double-stranded DNA
(dsDNA) samples with negatively supercoiled single DNA molecules with
magnetic tweezers.
